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ARSTRACT

The Washington Department of Wildlife conducted a rainbow trout study on
Ross Reservolr from Jums 1, 1991 to May 31, 1992, This investigation was
the second year of a proposed S-year study to evaluate the etfect of
special sport fishing regulsations (implemented at the begimning of the
1970 +ishing season) on reversing a historic decline in size and numbers
of rainbow trout at Ross Lake. Study chjectives included estimation of
Rarvest and catch statistics for all species of trout and ohar, analysis
ot rainbow trout life history Information, estimation of the total size
aof the 1992 overwintering fish population, and evaluation of rainbow
trout spawning timing and success in selected tributaries of Ross Lake.

A stratitied random sampling design was used to develop all effort, catch
and harvest estimates,

Roses Lake anglers fished a total of 36,108 hours during the 1991 fishing
season, or 8,777 angler days. The total seasonal rainbow trout harvest
estimate was 5,833 fish, with a mean seasonal harvest rate of 0,103 fish
per tour.  Total catenh (harvested + released) was estimated at 13,1462
rainbow trout, with a mean catch rate of 0.366 fish per houar.  The total
seasonal dolly varden char, brook trout (char), and cutthroat trout
harvest estimates wetre 13, 19, and 4 fish, respectively. Total gatch was
estimatexdd at 25 dolly varden char, 29 brook trout (char), and 11
cutthroat trout.

The new angling regulations continue to have significant impacts on
angler ef+ort, harvest rates ang harvest at Ross Reservoir. Total
estimated 1990 and 1991 seasonal angler effort declined approximately 50
percert from the mid—1980°'s and early 1970's, Mean pverall harvest rates
declined approximately 400 percent from studies conducted prior to 1990,
while total estimated rainbow trout harvests are ten and five times
smaller than harvests obtained in the early 1970°'s and mid—1980"s,
respectively.

Five hydroacoustic surveys were conducted on the lower portion of Ross
Lake +rom March through May of 1992, These surveys were used to
establish index counts and estimate the total size gf the reservoir ' s
fish population (fish larger than six inches). A total combined species
papulation estimate of 37,263 fish was calculated for the reservolir from
the index count data. Assuming catch data reflects relative species
abundance, the total rainbow trout population was estimated at 37,082
fish., Even though the 1992 rainbow trout population estimate increased
approximately Bl percent over the 1991 estimate, large confidence
intervals associated with the estimates preclude detinitive conclusions
about recovery.

Seven spawning surveys conducted on each of five U.5. tributaries to Ross

Lake between May and July of 1992 resulted in & total enumeration of
2,400 rainbow trout. Peak spawning occurred on most tributaries during
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the first two weeks of June, with Lightning Creek recording the largest
number of spawning +ish. Roland Creek and Dry Creek continue to be the
most important lndex tributaries cue to fish accessibility, flow, spawner
use, availability of spawning habitat, end visibility and accessibility
by survey personnel. Observations of spawning rainbow trodt in 1992
indicate that numbers are much reduced from the mid-1980"'s, but are
substantially higher than in 1991,

Datae collected from the 1990-91 and 1991-92 rainbow trout study on Ross
Reservoir show the fish population is still sutfering from the eftfects of
past overharvest. These studies suggest the present rainbow trout
population is still considerably below 1970's levels, Conmtinued
evaluation and monitoring of the fish and fishery in response to the new
regulations are necessary to promote recovery of rainbow trout stocks in
Foss Reservoir.
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INTRODUCT I0N

This report summarizes the results of an angler harvest and rainbow
trout study conducted on Rose Reservoir from June 1, 1991 to May 31,
1992, This is the second year of an ongoing five-yvear study by the
Washington State Department of Wildlife (WDW) to evaluaste the effect of
special fishery regulations designed to reverse the decline 1n size and
numbers of rainbow trout in Ross Lake tJohnston 198%, Lootf 1991, Lootf
1992ay. These regulations were implemented at the begimning of the 15990
sport fishing season by both the WDW and the British Columbia Division
of Faish and Wildlife (BCF&W), and (with the exception of dolly varden
char/bull trout) are identical for both agencies (Appendix ).

The new fishery regulations are more restrictive than earlier
regulations, and are expected to reduce angler harvest (reduced catoch
limit) and allow fish to spawn at least once before entering the fishery
(increased minimum s1ze limit). A balt restriction was necessary o
reduce mortality of released fish, and a later season opengr was enacted
tey permit spawning fish more time to ascend tributary streams before the
fishery opened, and also to allow both Canadian and Americam anglers
enual access to the lake on opening day. Jobnston (198%9) gives a
complete list of all Washington State fishing regulations on the
reservoir since 1933.

This study was funded by the Skagit Environmental Endowment Commission
{SEECY. The SEEC solicits, approves, and funds projects from a special
fund using money set aside by Seattle City Light as part of a U.G.
Federal Energy Regulatory Commission (FERC) permit requiremsnt.

Previous Studies

The present study 1s a continuation of fisheries studies conducted on
Ross Ressrvolec by the WDW and BOF&W in 1985 and 1986 (Socott and Peterson
1986; Johnston 198%). Earlier in—depth fisheries studies were also
conducted on Ross Lake by the University of Washington Fisheries
Research Institute (FRIJ at the time Deattle Uity tight (SOl proposed
to proceed with the third and final constructicon phase of Ross dam (High
Ross). A number of studies have also been conducied on the upper Skagit
River by BCF&W. & complete list of all major fisheries studies related
to Ross Reservolr is given in Resident Fisheries Study for Ross, Diablo
and Gorge Lakes (Seattle City Laight 1989).

Study Area

Foss Lake 1s an cligotrophic reservolr located at 49°N latitude and
121°W longituge in the northeastern portion of Whatcom County,
Washington and the southeastern portion of Fraser Uheam Reglional
District, British Columbia (Figure 1). The reservolr 1s located within



the Skaglt River watershed, and was formed by the construction of Ross
Dam (1937-4%) on the Skagit River. The lake drains approximately 999
square miles of the watershed upstream {rom the dam. Surface elevation
of the lake is 160Z.0 feet mean sea level (nsl) at full pool andg 1475
feet msl at maximum Grawdown .

Physical characteristice of the reservolr vary seasconally due 1o winter
drawdown by Seattle City Light for power and flood control purposes.
Therefore, the following measurements are gilven for full pool elevations
only. The reservolr is approximately 22 miles long, with the northbern-
most mile extending into Canada. Average width i1ig approximately one
mile, and maximum wWwidth is two miles. The long axls of the reservolr 1s
oriented in a north-south direction, and 1s perpendicular to the
direction of prevailing winds. Total swrface acreage i 11,680 acres,
of which 480 acres is located in British Columbla. Total lake volume is
estimated at 770,000 acre—+t. The lake basin is predominantly deep and
steep~sided, although the northern portion of the lake is relatively
shallow. Maximum depth is 400 ft mear the bazse of the dam and mean
reservorir depth is 123 ft. A summary of the physical characteristics of
Ross Lake 1Is gaven in Tabkle 1.

Ross Reservoir ls fed by the upper Skaglt River in Canada and several
large, perennial streams on the U.5. side of the reservoir (Figure 2.
Ruby Creek, Lightning Creek, and Big Beaver Creek are the largest
American tributaries, followed by Little Beaver, Devils, Silver, Arctic,
Ney Name, Hozomeen, Dry, Pierce, and Rolamd Creeks. Physical
characteristics and spawning habltat summaries of the major tributaries
to Ross Lake are summarized in the Rosg Lake Tributary Stream Catalog
(Seattle City Light 1989). MNumerous small, intermittent streams alsc
drain into the lake. The Skagit River is the only outflow channel
present.,

Ralnbow trout (Oncorhynchus galrdnegri) are the predominate sport fish in
Foses Lake., A seasonal sport fishery exists on this species from July
through October. Also present in the lake are dolly varden char
(Salvelinus malmal/bull trout (Salvelinus confluentus), cutthroat trout
(Ongornynchus glarkiill, and brook trout (Salvelinus fontinalis).

Objectives

The specific objectives of the 1991-92 Ross Lake study wetre as follows:

1. Determine angler effort ard distribution on the reservoir.

Z. Determine angler catch {kept and released), harvest (kept only),
cateh per unit effort (CPUE), harvest per unit effort (HPLE), and

angler distribution on the reservolr.

3. Determine age distribution, age class strength, age versus length,
age versus sexual maturity, and length at sexual maturity of rainbow
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all anglers contacted, regardless pf whether they had finished fishing
for the day. Two primary reasons for checking incomplete anglers was
that & large proportion of anglers did not continue fishing after
indicating they were going to, and information would be lost from
anglers that continued fishing but did not return before the work day
ended.

Interviews consisted of the collection of angler catch and profile data.,
The folliowing catoch information was recorded for sach specles of trout
and char captured:

- time of interview

~ time angler started fishing (to the nearest 19 minutes)
- whether angler had finmished fishing for the day

- GPEC 1B

- number of fish harvested

- aumber of fish released

- size range of fish released

- gapture location (discussed below)

Az 1n the 1970's, 1983, and 1984 studies, the reservoir was arbitrarily
divided into seven zones for purposes of determining distribution of
angler effort, CPUE (catoch per unit effort), HPLUE (harvest per unit
effort), and catch and harvest information. The logation of each of
these zones 1s shownt in Figure 3. These zones are numbered the same as
show i the 198% report (Jobnmston 1989).

The following angler profile information was collected for each angler
interviewed:

- age category (adult, juvenile)
- fishing method (bost, shore, float tube)
- angling gear (lure, fly)

The following bhiclogical information was collected from a random sample
of the angler harvest for rainbow trout only:

- nose to fork length of harvested figh (mm)
- sex

- srales for aging (discussed below)

~ sexual maturity (discussed below!?

fApprovamately 20-30 scales were collected from sach rainbow trout
sampled. ODcales were removed from an area formed by an imaglnary line
gdrawn from the rear Lnsertion of the dorsal fin and front lnsertion of
the anal +fim approximately 35 scale rows above the lateral line.

Srales were then placed in scale envelopes and the date, capture area,
speries, fork lengith (mmi, sex and sexual maturity (if collected)
recorded o the outside. Five scales from each sample were later
cleansed and mounted on a glass slide using a cover slip and transparent
tape. A microfiche reader (35X) was then used to age =ach sample. Only



samples containing at least two good scales that dig not exhibit
regenerated areas were used. After aging all of the samples once to
determine growth patterns and other characteristics, the scales were
aged a second time. I the two readings did not agree, a third reading
was done. The final result of this third reading was considered to be
the age of the sample. '

A subset of rainbow trout that were sampled for scale analysis were also
examlned for sexual maturity on the basis of gonadal development.

Sexual maturity information was only collected from trout sampled during
the month of July, since newly developing egy skeins and sperm sacs of
recently spawned fish appear identical (very small size) to those of
immature +ish after this time. In addition, sexual maturity
determinations are further hindered by the raplid disappearance of
secondary external sexual characteristics, and resorption of anspawned
gametes followlng spawning.

Fish were classified as mature 1+ testes were enlarged or contained
sperm in males, and 1+ eggs were in an advanced stage of development or
freely flowing in females. Extermnal spawning characteristics, such as
cark color, emacliated condition, and enhanced color of the red side
stripe, served as secondary alds to classification of mature fish of
both sexes. Fish were classified as immature i1f male testes and female
egg skeins were small and poorly developed.

Separate measurements were collected for dolly varden char/bull trout to
assist current WDW studies aimed at delineating the geographic ranges of
these twe gpecies whose external physical characteristics are visually
aimost identical. A special linear discriminant function developed by
Haas (1988) at the University of British Columbia was used to
distinguish betwsen the two species. This egquation requires the
collection of the following four external physical measurements:

- number of branchiostegal rays (slender bones 1n the gill
membranes) on both right and left sides

— maxilliary length

- rumber of prircipal anal +in rays

~ standard length (nose to last vertebra) in millimeters

The function for species identification is as follows (Haas and McPhail
19917

1y [ {(0.629 % branchiostegal ray number) + (0.178 % amal fin
number) + (37.310 % (maxillary length/standard length)) ]
- 21.8

where, dolly varden <0 and bull trout >0.
Char fork length (mm) was also measured to compare with data collected
from earlier studies at Ross Reservoir.



A total seasonal estimate of 37,104 = 2,038 hours was calculated for
etfort data that was separated into zones (Table 7 and Appendix 4.
From figure 7, 1t can be seen that most etfort was expended in zones
&-tHozomeern (287), Z-Big Beaver (2374, 1-Ruby (3% and 7-Canada {(104).
The three access areass were either loceted withim or immediately
adjacent to these four zones., Iones S-Devils (10%), 4-Lightning (8%),

and S-Little Beaver (8% comprised the remaining effort.

A total seasonal effort estimate of 37,104 & 2,254 houre was calculated
for effort data that was separated into access areas (Tableg 7 and
Appendix . A0 estimated total of 19,947 hours (387 was calculated
for anglers utilizing the resort, 13,313 hours (3&6%) +or anglers at
Hozomeen, and 3849 hours (10W) for anglers in Canada.

1991 Season - Angler Cateh and Harvest Rates

The mean seasonal ¢atch rate (combination of harvested and released) for
rainbow trout was C.366 £ <0001 Fish per hour {Table B, daytyps
estimate). The standard error of the estimated mesan catch rate was very
small (+/— 0.08 percent), indicating excellent precision. Catch rates
varied throughbout the season (Figure 8 and Appendix &), declining from a
seasonal high in July (0.418 CRUEY to a seasonal low in August (0.314
CPUE), and gradually increasing in September (0.33%9 CPUE) and October
(C.377 CPUES.

The mean seasonal harvest rate for rainbow trout was 0.103 + <0.001 fish
per tour (Table 8, daytype estimate). The standard error of the
estimated mean harvest rate was very small (x 0.1 percent), indicating
excellent precision. As shown in Figwre 8, harvest rates for rainbow
trout progressively decreased from a seasonal high in July (0,124 HPUE)
to & seasonal low in September (0.086 HPUE), then increased in October
0. 100 HPUE) .,

Mean seasonal catch and harvest rates for zone and access area estimates
are identical to daytype estimates (Tablie &, since all three estimates
were calculated from the same creel data. As shown in Table 8 and
Figure 9, the highest seasonal catch rates for rainbow trout (zone
estimate) occurred at the south end of the lake in zones 3-Devils (0.433
CPUE) and 2-Big Beaver (0.393 CRUE), The lowsst seasonal catch rates
ocourred at the north end of the lake in zones 7-Canada (0,215 CRPUE) and
&ozomeen {(0.324 CPUEY. Intermediate cateh rates occurred in S5-tittie
Beaver (0.357 CPUE), 4-Lightming (0.355 CPUE), and 1-Ruby {0.346 CPUE).
Rainbow trout harvest rates were fairly constant over the entire lake
(approximately one fish per ten bours of fighing effort), but were
slightly higher in zones d-Hozomeen (0,118 HRUE) and 2-Big Beaver (0,110
HPUE), and somewhat lower in zones 1-Ruby (0.07C HPUE) ang 7-Canada
(0.081 HPUE) . Monthly and seasonal catch and harvest rate estimates for
the different zone strata are listed in Appendix 7.

As shaen 1n Table 8, resort anglers had the highest seasonal catch rate
{acress area estimate) +or rainbow trout (0387 CRPLE). A0 intermediate



TARLE 8. Estimated mean seasonal catch and harvest rates for rainbow
trout in the Ross Reservolr sport fishery, July 1 to October
31, 1991,
Raintiow Trout Catch per Howrs
Type®r Strata N= Harvested Released Total
Davtype Cpener 49 LASS (L0032) L3610 (L0137 L7140 (L,0138)
Weekday 673 L1050 (L0003 286 (L0004) L3210 (L0007
Weskend 825 LOF7 0 (.0002) 216 (.0005) L3130 (L0000
Mear L1030 (.0001) L2630 (L0003 L3660 (L0003)
Zomnes 1 Rby 273 070 (.0006) L2760 (L0022) L3844 (LO022)
%z Bbv 433 1100 (L0004 L2286 (L0009 395 (L0011
3 Dev 166 L1030 (L0009) L3300 (L0025 LAZ3 0 (L0029
4 L1t &b L0 (L0023 L2393 (,0047) L3535 (L0060
S Lbv 113 L1000 (.0014) 226 (LO027) L2357 (LO034)
& Hoz 453 L1180 (L0004 L2030 (L0007 324 (.0009)
7 Can 42 L081 (.0082) L1340 (L0080) L2189 (.0088)
Mean 103 (L0001 263 (,0003) L3666 (0003
froess Resort 929 L0599 (,0002) L2390 (L0003) 387 (L0005)
Hozomeen 5S77 L1130 (L0003 218 (L0008) L3310 (.0007)
Canada 42 081 (.0042) L134 (L00&0) L2130 (.,0088)
Mean L1003 (L0001} L2633 (L.0003) L3046 (L0007

*Standard error of estimated mean catch per hodr given in parentheses.
Miltiply the standard error by 2 to obtain a rough estimate of the T304
confidence interval.

2Type of estimate.

Daytype estimates are the most accurate based on
sample design, and are the values reported for this study (see text).

=Number of anglers surveyed.

“See Figure 3 for location of lake survey zones.
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catch rate was returned by anglers utilizing the Hozomeen access (0.35351
CPLED), while anglers fishing in Carada experienced the lowest catch rate
(C.215 CFRLEY . The highest rainbow trout harvest rates were returned by
anglers utilizing the Hozomeen access (0.113 HPUED), anmd the lowest from
anglers fishing in Canade (0.081 HPUE) . Resort anglers had an
iNntermedilate harvest rate of 0.09%9 fish per nour. Monthly and seasonal
catch and harvest rate estimates for the different access area strata
can e found i Appendix &

AnGler catoch and harvest rate estimates for dolly varden char/bull
trout, cutthroat trout, and eastern bDrook trout (char) were low during
the 1991 sport +fishing season at Ross Lake {(Table 9 and Appendix $-11).
Mean seasonal catch rateg for the two char species {(dolly vardem/bull
trout and eastern brook trout were G.001 % <<0.001 +ish per hour, while
catch rates for cutthroat trout were less than 0.001 fish per hour
(daytype estimates).

Mean seasonal catch and harvest rate estimates ftor all species of trout
ang char combined are given in Table 9 and Appengix 12, The mean
seasonal catoch rate of all speclies combined was ©.367 = 0,001 fish per
hour, while the seasonal harvest rate was 0,104 £ <0.001 fish per hour
(daytype estimates).

1991 Season ~ Angler Catch and Harvest

The total seasonal catch (combinmation of harvested and released) of
rainbiow trout was 13,162 * 387 fish ( Table 10, daytype estimate). The
standard error of the estimated seasonal catch was small (£ 1.9
percent), indicating good precision. Total catch dropoed sharply from a
seasonal high of 5,735 fish in July to 2,79C in August, then declined
more slowly to 2,636 fish in September ang 2,041 in Uctober (Figure 10
and Appendix [3).

The total seasonal harvest of rainbow trout was 3,833 = 130 fish (Table
10, daytype estimate). The standard error of the estimated seasonal
harvest was small (£ 1.7 percent), indicating good precision. As shown
i Figure 10, harvest of rainbow trout also decreased throughout the
season.  lotal harvest was highest in July (4774, moderate in August
(227) and September (174), and lowest in Cctober (14%).

A total seasonal csich estimate of 13,497 1 &£38 rainbos trout were
ralculated for data that was separated into zones (Tabkle 10 and Appernidix
14y, As shown 1n Figure 11, the greatest catch of rainbow trout was
caught at the north end of the lake in zone &-Hozomeen (274), and at the
south end of the lake in zone 2-Big Beaver (247%). Intermediate catch
totals occured in zones Z-Devils (12U, 1-Ruby (12%), and S-Little
Beaver (1170, while lowest catch totals occurred in Zones 4—Lightning
(773 and 7-LCanada (74}, A total seasonal harvest estimate of 4,074 *
280 rainbow trout was distributed similar to catch for the different
zones. 1he greatest numbers were harvested in zones &—Hozomeen (334)
and 2-8Big Beaver (2341, while lower numbers were harvested in zones



TABLE 10. Estimated total seasonal catch and harvest of rainbow trout
in the Ross Reservolr sport fishery, July 1 to October 31,

19%91.
Rainbow Trout Catch=

Type® Strata N Harvested Released Total
Daytype Cpener 49 i14 (Z.43 418 (10.2) 331 (10.5)
Weekday &73 Z2i81 (54.9) [479  (i64.8) TS (173,73
Weekend 826 1539 (34.3) 3431 (77.2) /I70 (84.5)
Total 3833 (&4 .8} 9328 (182.3) 13162 (193.4)
Zomes 1 Rby 273 328 (22.9) 1274 (88.4) 1602 (F1.3}
2 Bbv 433 ¥31 (&60.47 2298 (144.3) 3229 (15&.4)
S Dev 166 3879 (32.12 1221 1104.3) 1610 (109.1)
4 it =t 288 (34.7) 731 (B9.3) 1018 (95.8)
I Lbv 115 822 {(73.86) 1023 (14B.0) 1447 (1&b&.2)
& Hoz 453 1343 (&7.11 2288 {(114.O) 329 (132.3)
7 Can 42 74 {(54.6) D86 (78.4) PEO (93.D)
Total 4074  {140.0) 9423 (297.3) 13497 (328.8)
fcccess Resort 929 1977 (87.23 5697 (249.8) 7674 (264.65
Hozomeen 3577 1616 (73.9) 3110 (140.8) 4726 (1359.0)
Canada &2 374 (34,67 586 {(78.4) F&0 (99.3)
Total 367 (126.7) FIFE (297,23 13359 (3Z3.1}

=Standard error of estimated total catch giver in parentheses. Multiply
the standard error by 2 to obtain a rough estimate of the 954
confidence interval.

=Type of estimate.

Daytype estimates are the most accurste based on
sample design, and are the values reported for this study (see text).

=Number of anglers surveyed.

“Gee Figure 3 for location of lake survey zones.,



S-Little Beaver(10W). 3-Devils (10%), 7-Canada (94, I-Ruby (8%, and
4-L.ightning (747,

A total seasonal catch estimate of 13,359 2 446 rainbow trout were
calculated +or data that was separated into access areas (Table 10 and
Appendix 15 . Anglers originating from Ross Lake Resort caught the
largest numbers of rainbow trout (58Z). fAnglers utilizing the Hozomeen
access also caught a large proportion of the catch (354), while anglers
using the Canadian access caught the fewest fish (74). A total seasonal
harvest estimate of 3,947 + 257 rainbow trout folliowed the same
distributional pattern as catch. More fish were harvested by anglers
utilizing the resort (50%), than by anglers originating from elther
Hozomeen (41%) or Canada (9%).

Catch and harvest estimates for dolly varden/bull ftrout char, cutittrost
trout, andg eastern brook trout (char) were low during the 1991 sport
fishing season at Ross lake (Table 11! and Appendix 15616, Total
seasonal catch of the two char species were 25 * 2 dolly varden/bull
trout and 29 % 3 esastern brook trout, while the total catoh of cutthroat
trout was 11 * 2 fish (dayitype estimate).

Total seasonal catch and harvest estimates for all species of trout and
char combined are given in Table 11 and Appendix I7. The total seasonal
catch of all speries combined was 13,226 + 388 fish, while the seasonal
harvest was 3.0870 £ 131 fish (daytype estimate).

1991 Season — Anagling Methods and Gear

The majority (99.94) of anglers at Ross Lake used bgats in 1991

(Table 127, Only one shore angler (0.1%) was interviewed the entire
sesson.  The most popular angling method was trolling with flashers ang
lures (93,670, tolliowed by trolling with flies (6.3%), and casting lures
from shore (0.1%47. Bait fishing is no longer permitted under the new
regulations (impliemented at the beginning of the 1990 sport fishing
SEABOM ) .

Anglers trolling lures caught 95.8 percent of the total harvest, and had
a HPLE of 0.104 fish per hour (Table 12). Anglers trolling flies caught
4.1 percent of the catch, and had a HPLE of C.0BO fish per howr., One
Tish was harvested at the Hozomeen access by an angler casting lures
from shore.

1991 Season -~ Age

A total of 321 rainbow trout scale samples from the 1991 angler sport
harvest were read for age determination. Age 4 fish were the most
abundant age class, comprising sixty percent of the total sample

{ Table 13 . Tre remaining fish were age 3 (154), age 5 (23%), and age &
(27%). Age 4 fish were the dominant age class throughout the entire
Season.

v T e



TABLE 12. Harvest, harvest rates, and number of anglers fishing for
raimbow trout using different types of gear and methods
during the 1991 sport fishing seasons.

Geartyper Resort Hozomeen Carada Total Percent
ANGLERS
bl 895 531 25 144% 3.4
of 34 43 19 38 6.3
=9 0 i O 1 (GFD)
Total 29 577 42 1548 100.0
HARVEST
3] 397 233 = &37 95.8
bf 4 14 4 27 4.1
&1 0 i O 1 0.2
Total 406 230 4 &3 100.0
HPLE
bl 0,100 0.114 0.078 0,104
by 0. 06T G087 0.083 ¢.080
sl ) 4,00 O 4 000
Mean C.09% 0.113 O.081 0. 103

«Data compiled from combined (complete + incomplete) trip anglers.
=5l = boat, trolling lure

b+ = boat, trolling fly
sl = shore, casting lure



-

Oocurrence of age 3 fish degreased over the first thwvee months of the
sesson, then 1ncreased to July levels in Uctober (Table 13,
Lonversely, age 4 {fish increased from July to September, then declined
to July levels in October. Both age 5 and age & fish exhibited
relatively constant occcurrence 1n the harvest throughout the season.

1991 Seaspn ~ Length

A total of 443 rainbow trout were measured during the 1991 fishing
season (Table 14y, The minimum size regulations restrict angler harvest
to fish longer than 13 inches (330 mm) total length. A fork length of
317 mm 15 an approximate equivalent to the 330 mm (total length) minimum
gize regtriction. The average fork length of angler harvested rainbow
trout guring the 1991 season was I35 mn. Sizes ranged from a low of 292
mm (i1llegally harvested! to a high of 411 mm. Average size slowly
declined as the season progressed. Life history characteristics that
may be responsible for the apparent temporal decrease 1n average size of
specltic age classes will be presented in a later section of this
report.

Length at age information for the rainbiow trout harvest is shown In
Table 15. As expected, average fork length iIncreases with each
successive age class. Age 3 fish averaged 302 mm, age 4 fish averaged
329 mm, age 5 fish averaged 339 mm, and age & fish averaged 383 mm.

Table 16 and Figure 12 show the summer growth of rainbow trout in Ross
Lake, as reflected by the size of fish in the angler sport harvest.

mage I fish showed a slight increase 1n average slze as the season
progressed, Lnoreasing from 294 mm oin July to 312 mmo1n October. Growth
of age 4 and age 3 fi1sh remainec relatively constant throughout the
season, varying little from seasonal averages of 329 mm and 339 mm,
respectively. A small sample size (n=7) precluded any definitive growth
aralysis of age & fish. As mentioned earlier in this section, factors
that may be responsible for static and/or negative temporal growth of
specific age classes of fish will be presented in a later section of
this report.

Monthly and seasonal length—+freguency histograms of angler harvested
rainbow trout at Ross Reservolr are showt in Figure 15, The abscissa
srale values are standardized to facilitate comparison., All five
histograms (monthly and seasonal) closely resemble the standard normal
curve, and are predominantly centered around the 330-340 mn fork length
interval. The ilegal size Iimit is 330 mm total length or approximately
317 mm fork length. The August and September histograms are vertically
compressed compared to the July and October histograms.

1991 Season — Sex

A total of 297 rainbow trout were sampled from the seasonal sport
harvest for sex determinaticon. Males congtituted 41 percent of the
total sample (n=123), while females accounted for 5% percent (n=174),



TABLE 15. Rainbow trout length information, by age, from the 1991 sport
harvest at Ross Reservoir.
Fork Length (mm)
fge Number Percent Average Minimum Max 1mum
3 47 13 302 292 374
4 193 &G 29 305 370
5 74 2= 5% 335 2346
& 7 2 383 360 411
TABLE 16. Average fork length (mm) of raimbow trout, grouped by month
and age class, from the 1991 sport barvest at Ross Reservolr.
FGE JUk. ALG SEP acy SEASON
THREE : r 24 i1 4 B 47
avg 294 308 309 312 302
FOUR: n &2 a1 o9 21 193
avqg 329 Iz 333 326 329
FIVE: n =8 20 13 11 74
avg 358 338 361 359 359
SIX: r 4 1 1 ] 7
avg 371 396 392 411 33

__.43._
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The north end sample (n=128) was comprised of 40 percent males and &0
percent females, while the south end sample (n=146%) was composed of 42
percent males and 57 percent females.

1991 Season ~ Sexual Maturity

A random sample of 97 rainbow trout from the seasonal sport harvest were
checked for gQonadal development (Table 17, Immature fish comprised 51
percent of the sample, while the remaining 49 percent were mature.

Males were composed of 9 percent mature snd 41 pevcent immature fish,
while females were comprised of 43 percent mature and 57 percent
immature fish,

Table I8 shows the average fork length and size range of a random sample
of 83 rainbow trout from the seascnal sport harvest, separated by
access, sex, sexual maturity, and age. The north end sample (n=32) was
comprised of Bl percent immature fish, while only 19 percent were
mature. The male sample was composed of B0 percent immature (average
length = 342 mmi, and 20 percent mature fish (average length = 350 mm).
Eighty-two percent of the female sample were Immature fish (average

length = 318 mm), while 18 percent were mature {(average length = 367
mmi.

The south end sample (n=53) was comprised of thirty—six percent immature
fish, while 64 percent were mature (Table 18). The male sample was
compased of 21 percent immature (average length = 312 mm), and 79
percent mature fish (average length = 3446 mm). Fourty-eight percent of
the female sample were immature fish (average length = 322 mm), while 52
percent were mature (average length = 339 mm).

1991 Season — Additional Data

Forty-three percent of the interviewed anglers that were fishing for
rainbow trout during the 1991 sport fishing season at Ross Reservoir
were unsuccesstul at catching e +ish {(Figure 14, The remaining anglers
{574 were successful at catching from one to twenty—five fish. Seventy
percent of the anglers were unsuccesstul in harvesting a lexal rainbow
trout, while the remaining anglers harvested one (204), two (74, and
three (3% fish.

Very ftew of the remaining species of trout and char were caught and/or
harvested by interviewsd anglers during the season (Fligoure 15).  Four
anglers sach reported catching one dolly varden char, two of which were
harvested. Similarly, four anglers caught one Drook trout (char) each,
two 0f the anglers harvesting their catch. Only fwo anglers reported
catching a cutthroat trout, ong of which was harvested.

1991 Season ~ Dolly Varden Char/Bdll Trout

Four dolly varden and/or bull trout char were measured for (possible
future) specles Classification during the 1991-92 study at Ross Lake,



TABLE 18.

Raimbow trout age and lengih information, grouped by aCoess
from the 1991 gport narvest at Ross

area, sex and maturity,

Reservoir.

Fork Length (mm)

Arcess Sex Maturity Ane M fvg Mirm Max
HOZ omesn Male Mature 4 335 335 335
5 365 385 3865

Immature s 2 20 IO F30

4 4 I40 20 50

3 2 359 54 382

Female Mature 4 2 257 350 364

5 z 378 370 385

Immature 5 4q 321 210G 330

4 11 304 308 62

5 3 3462 55 ]

Resort Male Mature 3 2 319 313 323
4 10 42 318 356

5 & =8 342 38C

& "1 352 3562 362

Immature 3 z 315 300 330

4 3 311 303 219

Female Mature 4 8 328 213 348

5 7 =2 I35 385

Immature I S 307 295 R

4 8 328 318 333

b 1 353 53 I3

—



Three +ish were sampled during the 1991 fishing season, while the fourth
was caught off the mouth of Ruby Creek in May 1992 Dy the author

{ Table 19). A1l four fish keyed out as bull trout when classified
according to the linear discriminant functiom developed by Haas (1988).

Hydroacoustlc Surveys

Five hydroacoustic surveys were conducted on Ross Lake between March 25
and May 3. 1992. A total of 139 fish were recorded for the five
surveys, resulting in an average of 27.8 fish per survey {(Table Z0b.
Index counts varied as much az 50 percent between surveys, ranging from
1B to 3& fish per survey. THere was No appreciablie difference 1in the
average number of fish recorded between morning and asfternoon surveys
(AM average = 27.7, PM average = 28.07.

Population estimates for the five nwydroacoustlc surveys are given in
Table 1. Based on the assumption that percent species ocCurrence 1n
thee aport catoh reflects species orcurrence in the reservelr, rainbow
trout population estimates for the five surveys ranged from a high of
51,145 +ish to a low of 19.475, The total reservoir rainbow trout
populiation was estimated at 37,082 + 235,808, while the total combined
species (trout and char) population was estimated at 37,263 & 23,923,
Standard errors of the ralinbow trout and combined species population
estimates are large, & 3.9 percent for both estimates, indicating pootr
precislon.

The values shown may eventually be modified for the final completion
report, since an accurate bottom contour map of sufficiently large scale
has not yet been obtained from Seattle City Light. 6n accurate, large—
scale map 18 needed for precise calculation of lake strata volumes and
transect lengths., Cstimates should aleo be viewed with caution for
reasons outlined earlier in the methods section of this report,

Spawning Surveys

Seven rainbow trout spawning surveys were congucted on Dry, Lightning,
Pierce, Roland, ang Thursday Cresks between May 3 and July 17, 1992
(Table Z221. High water flows precluded surveys of Lightning Creek above
the full pool elevation (16802 ft) on all survey dates. In addition, Dry
Creek was not surveyed on May 3, and Thursday Cresk was not surveyed on
Jurne 23 due to inclement weather.

Survey results are summarized in Table 230 A total of 2,400 rainbow
trout were counted during the seven spawning surveys. Spawning fish
were first observed on May 16, and all subsequent survey dates. The
largest numbers of rainbow trout were counted on June 5, when a total of
1,382 fish were recorded on the five tributaries. Lightning Creek
recaorded the largest spawner total for the season (1,334 fishi, although
the vast majority of these fish were observed adiacent to the stream

_.53'.._



TABLE Z0. Hygroacoustic index counts of trout and char® from the lower
end of Ross Lake (Rosz Dam to Rainbow Point) from five
surveys conducted Detwesn March 20 and May 3, 1992Z.

Transect
Dater Elev 1 Z 3 4 5 & 7 8 g 1Cc 11 Total
G325 1535 1 i 1 G 1 O = 1 5 3 5 23
O3/26 1534 O O O O 7 G = O 4 O 4 18
Q4/19 1533 5 O O & 3 3 3 1 3 G 5 29
Q5704 1548 3 z 3 3 2 2 1 8 z 3 3 33
05/03 1549 & 1 3 z 1 2 z é 2 3 & 36
Mean A 1 1 2 3 2 2 3 4 Z 5 28

a-ish larger than 152 mm (& in?.

il

= (OBOO-1200) counts
P (1200—-1600) counts

03726, 04719, and 05/03
O3/25 and O05/04



TRELE 22, Elevations and distances surveved* on Ross Reservolr index
tributaries during rainbow trout spawning surveys from May 3
to July 17, 1991.

Elevation (ft}

Tributary Name Distance (1) Mimimum Max 1 mum
Dry Creek 1200 1602 1800
Lightning Creek 100 1602 1675
Pierce Creek 85 1602 1615
Roland Creek 1500 1602 1835
Thursday Creek 5 1607 1610

~Haseline elevations and distances are measured from full pool upstream,
and do not include drawdosn elevations and distances surveved.

P i



mouth. Roland Creek recorded the second highest spawner total (597
fishy, and because of size, accessibllity, and available spawning
nabitat, is the best spawning indicator stream of those surveved.

Feak spawning probably ocourred during the first two weeks of June on
most of the tributaries surveyed. Spawning counts gradually declined on
most survey streams atter June 5, and surveys concluded on July 17 when
thirty—one fish were observed im Dry, FPlerce and Thursday Creeks. Four
oFf these fish wers spanning in the drawdown, while the remaining twenty-
seven fish were milling off the mouth of Thursday Creesk, and were
probacly kelts that had recently completed spawning.

._57_



DISCUSSION

The fish and fishery of Ross Lake (ang the Canadian Skagit River) are
dependent upom wild, naturally proguced trout and char. No hatochery
fish are planted directly into the lake or upper Skagit River, although
two fish plants have recently been conducted in the Sumallo River
(tributary to the upper Skaglt River: by BOF&W,., A resident strain of
wild-origin Skagit River rainbow trout and & strain of Blackwater River
rrainbow trout were introduced into the Sumallo River in 1987 and 1988,
respectively, in an attempt to ingrease +fish production im that section
of the Canadiam Skagit River drainage (Slaney and Godin 198%; Rosenau
and Slaney 1991). These introductions were determined by BOF&W to be
unsuccessful, and plans for further plants have been canceled.

Stability of the Ross Reservolr and Skagit River fish population
appears, from analysis of historic data (Jobnston 198%), to be largely
dependent upon restricting the harvest to only surplus figh above that
required to maintain the population. This surplus is not a static
numbetr, since annual varlability in environmental conditions,
production, survival, and other factors can cause this number to change
from year to year. It is desirable, therefore, 1o establish and
implement a harvestable surplus value that represents a realistic worst
case scemario.

Johnston (1989) discusses the tactors affecting optimum population
numbers and angler harvest levels at Ross Reservolr, and discusses the
importance of monitoring amnual harvest levels to belp evaluate
fluctuations 1in the lake fish population. However, it is difficult to
estimate optimum harvest levels unless the annual variability in size of
the +ish population 1s also known. Annual fluctuations in total
population size can be used to find total annual mortality rates, and
depending on annual recrultment and survival rates, used to establish
optimum harvest rates. Regulations can then be adjusted to achieve
harvest and spawning escapement goals.

Through compariscons of current effort, HPUE, CPUE, harvest, catch,
population size, and spawier numbers with data collected in previous
years, 1t 1s possibie to determine the effectiveness of the new
regqulations in achieving current management goals.

Ef+ort

Total estimated 1991 seasonal angler effori remained markediy less than
previous yvears as a result of the new restrictive fishing regulations.
The 1991 estimated angler effort was 36,108 hours, whille estimated
angler eftfort was 74,098, &5,&673, and &5,797 hours in 1971, 1983 and
1986, respectively (Table 24y. This represents an effort decline of
aporoximately 30 percent from the mid—-1980's, and T5 percent from the
early 1970 5. Total 1991 sstimated angler effort increased



approximately 9 percent over the 1990 estimate of 33,216 hours.

The new regulations appear to be more of a deterrent to anglers dusing
the north end of the lake than to anglers fishing from the south end.
In 1971, anglers from the south end accounted for 22 percent of the
total seasonal effort (16,572 hours), while north end anglers accounted
for 78 percent (97,526 hours). In 1990, 9B percent of the seasonal
eftfort total (21,309 hours) was contributed by south end anglers, while
47 percent (15,311 haours) came from north end anglers. In 1991, 94
percent of the seasonal effort total (19,947 hours) was contributed by
south end anglers, while 446 percent (17,158 hours) came from north end
anclers., Effort estimates for the different access areas are not
available for the 1985 and 1986 study years.

Harvest Rates

Mesn overall (all species combined) harvest rates also remained
considerably lower than previous years due to the 1990 requlation
changes. The mean seasonal HPUE in 1990 and 1991 was 0.12 and 0.10,
respectively, while HRUE was 0.48 1n 1971, 0.52 in 1972, O.33 in 1983,
ang 0.41 in 1984 (Table 25). Trhe observed 1990 and 1991 harvest rate
declines are due primarily to the 13-inch minimum size limit imposed at
the beginning of the 1990 season. However, the decline may alsc be
influenced by decreasirg) numbers of fish in the reservoir (as indicated
by the HAUE decline from the early 1970's to the mid-1980 s,

Mear overall monthly harvest rates tend to decline and then increase as
the season progresses (Figurs 16). Harvest rates generally decline from
the beginning of the ssason to August, and then increase i September
and October to levels higher than gt the start of the season,. The
initial HPLE decline is probably due to mature rainbow trout ascending
tributary streams to spawt. In addition, some fish may alzso be removed
from the fishery when they enter streams on midsummer feeding runs
(Johnston 1989 . Subsequent HPUE increases in September and October may
be due to migration patterns and/or recrultment. Studies of rainbow
trout migration patterns in the Sumallo River suggest that trout may
migrate to the lake when water temperatures drop below 10°0 (Slaney and
Godin 198%9; FHosenauw and Slamey 1991). Summer growth of previously
undersized fish alse recruits new numbers into the fishery. Very little
ingrease 1n HRLE occurred in 1991 at the end of the season, with HPUE
remaining relatively constant from July thwough October.

Mean seasonal harvest rates for the different lake zones show
contrasting patterns between the 1971i-74, 1986, and 1990-%1 fishing
seasons { Table 26y, 0Overall harvest rates remained relatively high
throughout the different lake zones in the early 1970's, bhut were lower
at the morth end (zones S and &) and south end (zone 1) of the lake in
1986. Johnston (1989 attributes the latter declines to excessive
fishing mortality in zones adjacent to the two major access areas. In
contrast, 1970 rainbow trout harvest rates were markedly higher at the
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north end of the lake (zomes 5-7) than at the south end (zones 1-4), due
primarily o the marked decrease 1n angler effort at the north end.
Harvest rates in 1991 were roughly similar for zones 2-6&, bDut were
slightly less 1n zones ! and 2. 0OF particular interest is the marked
decrease (307) in HPUE at the north end of the lake from 1990 to 1991.
This suggests that older rainbow btrout age classes are still suffering
the effects of overharvest at the north end, since angling effort was
similar both vears.

Harvest

The 1990 and 1991 overall (all species combined: and rainbow trout
harvest estimates are greatly reduced from previcus years (Jable 27).
Rainbow trout harvest levels in the early 1570 ¢ (average = 346,153) and
mid—-1780 s {(average = 20,3141 were approximately ten and five times
larger, respectively, tham the 1990 (3,774) and 1991 (3,833) totals.
The dramatic reduction In harvest is due primarily to the reduced daily
catch limit (eight fish reduced to three), minimum size restriction (no
size limit changed to 13-inch minimum size!, shorter season (mid-June
opener changed to July 1 opener: and reduced reservelr fishing effort.
In addition, an apparent continued reduction of the reservoir +figh
population can be expected to contribute to the decline. The small
harvest increase (27%) in 1991 compared to 1990 is due primarily to
increased effort on the reservoir in 1891,

The greater proportion of rainbow trout in the overall 1990 and 1991
harvests (99.54 and 99.0%, respectively) is due to fewsr numbers of
dolly varden char/bull trout being caught. The 1990 bait fishing
restriction coupled with a resultant decrease in anglers fishing with
live and/or scented balt off stream mouths s probaply responsible for
the dolly varden char/bull trout harvest reduction.

fqe

The 13-inch (317 sm fork length) minimum size restriction resulted in a
greater percentage of older rainbow trout in the 1990 and 1991 harvests
tharm 1n previous studies (Table 28). Most of the 1990 harvest was
composed of age I (47 percent! and age 4 (32 percent) fish, while the
1991 harvest was comprised primarily of age 4 (&0 percent) and age 3

(23 percent) fish., This is in contrast to earlier years, when small
numbers of age | and large numbers of age 2 fish were present in the
harvest. Except for 198&, when age 3 fish comprised the majority of the
harvest, age 2 fish were the age class harvested in greatest numbers by
anglers prior to 1990, Jobnston (1989) attributes the increase in
percentage of older age classes (age 3 and age 4) in the harvest from
the early 1970's to the mid-1980 s to anglers targeting clder Canadian
Skagit River ralnbow trout (that enter the reservolr fishery in June and
again in September and October) at the north end of the lake, and to
selectively "high-grading’ their catch o retain the largest ang



TABLE 28. Percent age class contribution® of rainbow trout to the

1971-73, 1985-84, and 1990-F1 seasonal sport harvest at Ross

Resarvoir,
Percent of Season Harvest
fioe 1971 1972 1573 19685 1984 1990 1991
2 55 49 &2 & 28 10 G
3 2h 3% 29 29 4 47 15
4 7 8 & 13 19 z2 &0
3 1 2 1 4 4 10 253
& ¢ O O i 1 1 -
7 ¢ O O G G <1 O

“Fighing regulations differed betweesn 1971-73,

Johnston (1989 and Appandix 1.

1985846 and 1990-91. See
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